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Method
In a prospective cohort study among 5565 children, we examined whether maternal and paternal smoking during pregnancy are associated with blood pressure, carotid-femoral pulse wave velocity and left cardiac structures and function in 6-year-old children.
Results
As compared with children from non-smoking mothers, children from mothers who smoked more than 10 cigarettes per day had a higher diastolic blood pressure [difference 1.43 mmHg (95% confidence interval: 0.22, 2.63)]. Maternal smoking during pregnancy was not associated with systolic blood pressure, childhood carotid-femoral pulse wave velocity or left cardiac structures. Maternal smoking of 10 or more cigarettes per day was associated with a higher fractional shortening in childhood [difference 1.01% (95% confidence interval: 0.18, 1.84)]. Among mothers who did not smoke during pregnancy, paternal smoking was associated with aortic root diameter but not with other cardiovascular outcomes.
Introduction
Adverse foetal exposures might lead to permanent developmental adaptations in the structure and function of the cardiovascular system and other organ systems, and increase the susceptibility of cardiovascular disease and metabolic diseases in later life. [1] [2] [3] Maternal smoking during pregnancy is one of the most important, potentially modifiable, adverse foetal exposures, [4] [5] and is strongly related with an increased risk of low birthweight and preterm birth. [5] [6] There is also growing evidence for changes in foetal and childhood cardiovascular structures and function in children born to mothers who smoked during pregnancy, although results seem to be inconsistent across different outcomes. [7] [8] [9] [10] These inconsistent results may be due to different age of outcome assessment in childhood, usage of different sets of possible confounders, and assessment of smoking during pregnancy in different ways. Previous studies showed associations of maternal smoking during pregnancy with childhood blood pressure, [7] [8] [9] [10] but it is not clear whether this association is explained by direct intrauterine mechanisms or is due to other, unmeasured, confounders.
Information on paternal smoking can be used to investigate whether an effect of maternal smoking on any childhood outcome may be due to direct intrauterine mechanisms. If paternal smoking during pregnancy yields smaller effects than maternal smoking during pregnancy, this suggests that the effect is due to a direct effect of maternal smoking on the foetus, and not due to unmeasured environmental factors, since mother and father are likely to share the same environment. One previous study suggested similar effect sizes for both maternal and paternal smoking on childhood blood pressure, 9 indicating that this association might be explained by unmeasured environmental exposures. The extent to which maternal smoking during pregnancy is associated with changes in arterial stiffness, and left cardiac structures and function, which are independent predictors of cardiovascular disease in adulthood, [11] [12] is not known.
Therefore we assessed, in a large population-based prospective cohort study among 5565 children, the associations of maternal and paternal smoking during pregnancy with blood pressure, carotid-femoral pulse wave velocity and left cardiac structures and function in school-age children.
Methods

Study design and population for analysis
The study was embedded in the Generation R Study, a population-based, prospective cohort study from foetal life onwards in Rotterdam, The Netherlands. 13 Enrolment in the study was aimed at early pregnancy, but was allowed until the birth of the child. The study has been approved by the Medical Ethics Committee of the Erasmus Medical Center, Rotterdam. Written informed consent was obtained from all parents of participants. In total, 9778 mothers were enrolled in the study, of whom 8244 (84.3%) provided information about their smoking habits. For the present study, only singleton live births were included (n ¼ 8024), of whom 5658 (70.5%) children attended the follow-up visit between March 2008 and January 2012. Children with echocardiographic evidence of congenital heart disease or kidney abnormalities were excluded from the study (n ¼ 33). Blood pressure, cardiac ultrasound or carotid-femoral pulse wave velocity measurements were successfully performed in 5565 (98.4%) children (see Figure 1 ).
Maternal and paternal smoking during pregnancy At enrolment, we asked each mother whether she smoked during pregnancy (no smoking; smoking until pregnancy was acknowledged (first trimesteronly smoking); continued smoking during pregnancy). Mothers who were enrolled before a gestational age of 18 weeks, and between 18 and 25 weeks of gestation, also received a second and third trimester questionnaire, respectively. Mothers who reported in the first questionnaire that they smoked during the first trimester only (n ¼ 921), but still reported smoking in the second or third trimester questionnaire (n ¼ 312) were reclassified into the 'continued smoking during pregnancy' category. The same strategy was used for women who reported no smoking in the first questionnaire, but reported smoking in the second or third questionnaire (n ¼ 80). Among mothers who smoked, the number of cigarettes smoked daily was categorized as: no Data on maternal smoking during pregnancy available n = 8244 Enrolled mothers n = 9778 n = 1534 excluded due to missing data on maternal smoking during pregnancy Data on cardiovascular outcomes n = 5565
Blood pressure n = 5447
Carotid-femoral pulse wave velocity n = 4420
Cardiac ultrasound n = 5289
Singleton live births with maternal smoking data available n = 8024
Excluded n = 100 due twin births, n = 91 due to foetal death and n = 29 lost to follow-up
Excluded n = 23 due to clinical or congenital heart disease, n = 10 due to kidney abnormalities and n = 60 due to missing data on all outcome measurements Participation in visit at the age of 6 years n = 5658
Excluded n = 248 due to withdrawal of consent, n = 799 due to loss to followup and n = 1319 who did not visit research centre Figure 1 Flowchart of the study population: the Generation R Study Cohort, Rotterdam, The Netherlands maternal smoking, <5 cigarettes/day, 5-9 cigarettes/ day and 510 cigarettes/day. Paternal smoking was assessed in the first questionnaire by asking the mother whether the father smoked during pregnancy (yes, no or do not know). Among fathers who smoked, the number of cigarettes smoked daily was categorized as: <5 cigarettes/day, 5-9 cigarettes/day and 510 cigarettes/day. Similar information completed by the father was available in 3558 (64%) participants. Agreement between these assessments by the mother and the father was good (sensitivity: 91%; specificity: 95%). A sensitivity analysis using data on paternal smoking, based on questionnaires filled out by the fathers only, showed similar effect estimates.
Cardiovascular outcomes in children Cardiovascular measurements in children at the age of 6 years were conducted in a dedicated research centre in the Erasmus Medical Center, Rotterdam, The Netherlands. The child was lying quietly while systolic and diastolic blood pressure was measured at the right brachial artery in the supine position, four times at 1-min intervals, using the validated automatic sphygmanometer Datascope Accutorr Plus TM (Accutorr Plus, Paramus, NJ, USA). 14 A cuff was selected with a width approximately 40% of the arm circumference and long enough to cover 90% of the arm circumference. More than 95% of the children who visited the research centre had four successful blood pressure measurements available. We also calculated the mean arterial pressure [systolic blood pressure þ (2 x diastolic blood pressure)/3], pulse pressure (systolic-diastolic blood pressure) and total peripheral resistance (mean arterial pressure / cardiac output) for additional analyses.
Carotid-femoral pulse wave velocity, the reference method to assess aortic stiffness, 12 was assessed using the automatic Complior device (Artech Medical, Pantin, France) with participants in the supine position. The distance between the recording sites at the carotid (proximal) and femoral (distal) arteries was measured over the surface of the body to the nearest centimetre. Through piezoelectric sensors placed on the skin, the device collected signals to assess the time delay between the pressure upstrokes in the carotid artery and in the femoral artery. Carotid-femoral pulse wave velocity was calculated as the ratio of the distance travelled by the pulse wave and the time delay between the feet of the carotid and femoral pressure waveforms, as expressed in metres per second. 15 To cover a complete respiratory cycle, the mean of at least 10 consecutive pressure waveforms was used in the analyses.
Two-dimensional M-mode echocardiographic measurements were performed using the ATL-Philips Model HDI 5000 (ATL-Philips, Seattle, WA, USA) or the Logiq E9 (GE Medical Systems, Wauwatosa, WI, USA) devices. The children were examined in a quiet room with the child awake in the supine position. Missing echocardiograms were mainly due to restlessness of the child or unavailability of equipment or echocardiographer. Left ventricular mass (LV mass), aortic root diameter (AOD), left atrial diameter (LAD) and fractional shortening (FS), were measured using methods recommended by the American Society of Echocardiography. 16 LV mass was computed using the formula derived by Devereux et al. 17 We also calculated stroke volume and cardiac output for additional analyses. To assess reproducibility of ultrasound measurements, the intraobserver and interobserver intraclass correlation coefficients were calculated in 30 subjects, and were found to vary between 0.85 and 0.99 for the main outcome measures. 18 Covariates Information on maternal age, parity, educational level, pre-pregnancy body mass index (BMI) and maternal and paternal ethnicity was obtained from questionnaires. 19 Maternal and paternal blood pressure at intake was measured with the validated Omron 907 automated digital oscillometric sphygmanometer (OMRON Healthcare, B.V., Hoofddop, The Netherlands). 20 Child sex, gestational age at birth and birthweight were obtained from midwife and hospital registries. Breastfeeding (yes/no) was assessed using questionnaires. Current height and weight were measured without shoes and heavy clothing at the visit at 6 years of age, and BMI (kg/m 2 ) was calculated. We assessed the associations of the covariates with the outcome measurements in a univariate model including child age and gender. All covariates were associated with one or more outcome measurements (Supplementary Tables S1 and S2 , available as Supplementary data at IJE online).
Statistical methods
We assessed differences in baseline characteristics between the categories of maternal smoking during pregnancy using independent samples t-tests and chi square tests. We used mixed models to assess the associations of maternal smoking during pregnancy with childhood blood pressure. 21 The mixed-model method fits each of the four blood pressure measurements of every child as repeated outcome measures. A sensitivity analysis excluding the first blood pressure measurement showed similar associations compared with including all available measurements. Next, we used multiple linear regression models to assess the associations of maternal smoking with carotidfemoral pulse wave velocity and left cardiac structures. We also investigated the associations of the quantity of maternal cigarettes smoked with cardiovascular outcomes using similar models. Tests for trend were performed using multiple linear regression models in which the categories of the number of cigarettes smoked were included as a continuous variable, using the non-smoking mothers as reference group. All models were adjusted for maternal age, parity, educational level, ethnicity, pre-pregnancy BMI and blood pressure at intake, and child sex, gestational age at birth, birthweight, breastfeeding status, current age and BMI. Analyses on left cardiac structure and function were additionally adjusted for the ultrasonographer and the ultrasound equipment used. Missing values in covariates (ranging from 0 to 30%, see Supplementary Table S3 available as Supplementary data at IJE online), were multipleimputed, to reduce potential bias associated with missing data. 22 We created five imputed datasets and each dataset was analysed separately to obtain the effect sizes and standard errors. The results of all five imputed analyses were pooled and are presented in this paper. A sensitivity analysis, using cases with complete data only, yielded similar associations; therefore we present associations from imputed data in this manuscript (see Supplementary  Tables S4 and S5 , available as Supplementary data at IJE online). We used similar models to assess the associations of paternal smoking during pregnancy on childhood cardiovascular outcomes among mothers who did not smoke during pregnancy. Since maternal and paternal smoking are strongly correlated, investigating paternal smoking among all mothers would overestimate the effect of paternal smoking if direct intrauterine mechanisms were present. In these analyses we adjusted for paternal ethnicity and blood pressure at intake. The distribution of possible confounders was largely similar for maternal and paternal smoking (see Supplementary Table S6, available as Supplementary data at IJE online). Measures of association are presented with their 95% confidence intervals (CI). All P-values are 2-sided. We applied a correction for multiple testing (considering we used three outcome groups in our study) and considered a P-value of 0.017 (0.05/3) as statistically significant. The mixed-models were fitted using the Statistical Analysis System version 9.2 (SAS Institute, Gary, NC, USA). All other statistical analyses were performed using the Statistical Package of Social Sciences version 17.0 for Windows (SPSS, Chicago, IL, USA).
Results
Subject characteristics
Subject characteristics are presented in Table 1 . The observed and imputed baseline characteristics are shown in Supplementary Table S7 (available as Supplementary data at IJE online). The percentage of boys was 50.0%. Children of mothers who continued smoking during pregnancy had a lower birthweight, as compared with children of mothers who did not smoke.
Parental smoking during pregnancy and childhood vascular outcomes
We did not observe differences in systolic and diastolic blood pressure between children from mothers who did not smoke or smoked in first trimester only (Table 2) . Continued maternal smoking during pregnancy was not associated with childhood systolic blood pressure [difference 0.13 mmHg (95%CI: À0.43, 0.69)], but we observed a positive trend for the association with diastolic blood pressure [difference 0.47 mmHg (95%CI: À0.01, 0.96)]. We observed a dose-dependent association of the number of cigarettes smoked during the third trimester with childhood diastolic blood pressure (P-value for trend <0.01), but not with systolic blood pressure. Compared with mothers who did not smoke, mothers who smoked 10 or more cigarettes per day had children with a higher diastolic blood pressure [difference 1.43 mmHg (95%CI: 0.22, 2.63)]. Maternal smoking during pregnancy was not associated with childhood carotid-femoral pulse wave velocity. Maternal smoking during pregnancy was associated with higher mean arterial pressure in a dose-response relationship, but not with pulse pressure or total peripheral resistance (Supplementary Table S8 , available as Supplementary data at IJE online). Among children of mothers who did not smoke during pregnancy, paternal smoking was not associated with childhood blood pressure or carotid-femoral pulse wave velocity. Models that were only adjusted for sex and age of the child are presented in the supplementary data (Table  S9) , available as Supplementary data at IJE online. Adjustment for the various confounders attenuated the effect sizes of the associations. The difference between the non-adjusted and adjusted models was mainly explained by including maternal educational level and childhood body mass index in the models. We did not observe an interaction of parental smoking with childhood BMI (P 40.05).
Parental smoking during pregnancy and childhood cardiac outcomes We did not observe consistent associations of maternal first-trimester only or continued smoking during pregnancy with childhood left cardiac structures (Table 3) . Continued maternal smoking during pregnancy of 10 or more cigarettes per day was associated with a higher childhood fractional shortening [difference: 1.01% (95%CI: 0.18, 1.84)], as compared with children of mothers who did not smoke during pregnancy. The effect on fractional shortening increased with the number of cigarettes smoked during pregnancy (P-value for trend: 0.01). We observed no consistent associations of parental smoking during pregnancy with stroke volume or cardiac output (Supplementary Table S8 , available as Supplementary data at IJE online). Among children of mothers who did not smoke during pregnancy, paternal smoking during pregnancy was associated with a larger AOD 
Discussion
The results of this population-based cohort study suggest that continued maternal smoking during pregnancy is associated with higher diastolic blood pressure and fractional shortening, but not with systolic blood pressure, left cardiac structures or pulse wave velocity in childhood. Paternal smoking was associated with a larger childhood AOD.
Strengths and limitations
The main strength of our study is the prospective data collection from early foetal life onwards and the size of the population-based cohort. Our analyses were based on more than 5500 children with cardiovascular outcome measurements. The detailed information on maternal and paternal smoking during pregnancy enabled us to assess both trimester-specific and dose-response relationships. Blood pressure was measured multiple times with 1-min intervals minimizing measurement error. We used well-described and validated measurements to assess arterial stiffness and cardiac structures and function. Also, we had information about a large number of potential confounders. We also need to address some limitations. Information about smoking during pregnancy was missing for 15.6% of all mothers. This non-response would lead to biased effect estimates if associations of maternal smoking during pregnancy with cardiovascular outcomes would be different between those mothers included and not included in the analyses. This seems unlikely. We observed no consistent differences in outcome measurements between children with and without data on parental smoking available. Biased estimates in large cohort studies mainly arise from loss to follow-up rather than from a non-response at baseline. 23 Of all children with available data on maternal smoking during pregnancy, 70.5 % participated in the follow-up measurements at the age of 6 years; 10.0% were lost to follow-up; and 3.1% did not provide consent for further follow-up from the age of 6 years onwards. The rest of the mothers and children (16.5%) did provide consent for further follow-up, but did not visit the research centre. Overall, mothers who did not visit the research centre for follow-up measurements did more frequently smoke during All analyses were adjusted maternal age, parity, educational level, ethnicity, pre-pregnancy body mass index and blood pressure at intake, child sex, gestational age at birth, birthweight, breastfeeding status, current age and body mass index. Values are regression coefficients (95% CI) and reflect the difference in blood pressure (mmHg) or pulse wave velocity (m/s) at the age of 6 years for different categories of maternal smoking during pregnancy. Children of non-smoking mothers were used as reference group. The associations of paternal smoking and blood pressure were assessed among children of mothers who did not smoke during pregnancy. *P <0.05.
pregnancy and were less educated than the total sample. This selective loss to follow-up possibly might have led to an underestimation of the effect estimates observed. Furthermore, the selection towards a more healthy group of mothers might affect the generalizability of the results towards more unhealthy populations. Finally, although we have performed adjustments for various potential confounders, residual confounding might still be an issue due to the observational design of the study. We used paternal smoking as a model to explore the role of residual confounding due to unmeasured environmental or family factors.
Parental smoking during pregnancy and childhood cardiovascular outcomes Several studies have shown an association of maternal smoking during pregnancy with higher systolic or diastolic blood pressure in children, but results are inconsistent. [7] [8] [9] 24 These inconsistent findings might due to differences in study design, adjustment for potential confounders, and differences in exposure and outcome assessment. Only some of these studies assessed a dose-response relationship of maternal smoking with childhood blood pressure, which could explain the inconsistent findings. A recently published study in a cohort born in the 1960s showed that the effect of maternal smoking on childhood systolic blood pressure at the age of 7 years was stronger in children of heavily smoking mothers (420 cigarettes/ day) than in those of mothers who smoked less intensively. 24 We found a similar dose-response relationship for the association of maternal smoking with childhood diastolic blood pressure, but found no relationship with systolic blood pressure. The fact that maternal smoking during pregnancy was associated with diastolic blood pressure but not with systolic blood pressure might be due to effects on peripheral vascular resistance, which primarily affects diastolic blood pressure, rather than effects on arterial stiffness or pulse pressure, which predominantly influences systolic blood pressure. However, additional analyses showed no associations of parental smoking with total peripheral resistance. Although the observed differences in blood pressure were small, they may track from childhood to adulthood and may be relevant at a population level. Further research is needed to evaluate whether these differences persist in later life.
It is not clear whether the association of maternal smoking with childhood blood pressure is explained by direct intrauterine mechanisms or is due to other, unmeasured confounders. We used two approaches to explore the role of confounding. First we applied adjustment for multiple potential confounders and second, we assessed the association of both maternal and paternal smoking during pregnancy with cardiovascular outcomes. Adjustment for potential All analyses were adjusted maternal age, parity, educational level, ethnicity, pre-pregnancy body mass index and blood pressure at intake, child sex, gestational age at birth, birthweight, breastfeeding status, current age and body mass index, ultrasonographer and ultrasound device. Values are regression coefficients (95% CI) and reflect the difference in left cardiac structures and function at the age of 6 years for different categories of maternal smoking during pregnancy. Children of non-smoking mothers were used as reference group. The associations of paternal smoking and left cardiac structures and function were assessed among children of mothers who did not smoke during pregnancy. *P <0.05, **P <0.01.
confounders did not fully explain the associations. A recent study by Wen et al. suggested that the association of maternal smoking during pregnancy with childhood systolic blood pressure was mediated by increased postnatal growth. 24 In our study, adjustment of the associations of maternal smoking with childhood systolic and diastolic blood pressure for childhood BMI only slightly attenuated the effect sizes. We also did not observe interactions between maternal smoking and childhood BMI. Also, our results were independent of the effect of maternal smoking during pregnancy on foetal growth. The larger effect sizes for the associations of maternal smoking than of paternal smoking with childhood blood pressure would indicate that childhood systolic blood pressure is influenced by direct intrauterine mechanisms following tobacco exposure. However, we should be careful with concluding intrauterine causal mechanisms since the effect estimates were small, and of borderline significance. Brion et al. showed similar effect sizes for maternal and paternal smoking during pregnancy on childhood systolic blood pressure, suggesting that the association of maternal smoking with childhood systolic blood pressure is explained by unmeasured confounders. 9 Next to maternal-paternal exposure comparisons, family studies might also help to explore the role of confounding in foetal exposure studies. Sibling studies also investigated the effect of maternal smoking during pregnancy on childhood outcomes, and suggested that the observed effects of maternal smoking during pregnancy on childhood behavioural traits might be due to shared environmental and genetic factors. Högberg et al. showed that the systolic and diastolic blood pressures of children whose mothers smoked during pregnancy were higher compared with those of their brothers born from an earlier or later pregnancy during which the mothers did not smoke. 25 This suggests that the effect of maternal smoking could be due to a direct intrauterine mechanism. However, in addition to smoking, other lifestyle-related habits might also differ between these pregnancies.
The variation in the cardiovascular outcomes, like blood pressure, is partly genetically determined. 26 Also, maternal smoking during pregnancy in itself is also partly genetically determined as was demonstrated by Agrawal et al. 27 Yet unknown common genetic variants may lead to both maternal smoking behaviour and childhood outcomes. Genes might even interact with environmental exposures, such as tobacco smoke exposure during pregnancy, and influence cardiovascular development. It has been shown that genetic variation in the nicotine receptor cluster modifies the effect of maternal smoking during pregnancy on the birthweight of the offspring. 28 Whether cardiovascular development is similarly affected should be further studied.
In this observational study, we were not able to establish causality. Genetic studies, using a Mendelian randomization design 29 and data from observational studies, could be used in future efforts to establish a causal relationship between maternal smoking during pregnancy and childhood outcomes.
Several studies have shown an effect of maternal smoking during pregnancy on other specific measures of vascular function. We have previously shown that maternal smoking during pregnancy is associated with increased foetal-placental arterial resistance in the third trimester of pregnancy. 10 A study by Geerts et al. among 259 mothers and children suggested that maternal smoking during pregnancy was associated with a thicker carotid artery intima-media and a lower arterial distensibility at the age of 5 years. 30 We did not find an association of maternal smoking during pregnancy with childhood carotidfemoral pulse wave velocity. Both carotid-femoral pulse wave velocity and arterial distensibility are markers of arterial stiffness and a risk factor for cardiovascular disease. 12 The difference in results might be explained by different measurement techniques and localizations. Further studies focused on local and general pulse wave velocity measurements are needed.
Lampl et al. examined in 34 foetuses the association of maternal smoking with repeatedly measured foetal cardiac volume and showed that cardiac growth was diminished in foetuses of mothers who smoked during pregnancy. 31 In the current study, we did not find associations of smoking status of the mother with left ventricular mass or aortic root and left atrial diameter. Surprisingly, paternal smoking during pregnancy was associated with a larger AOD. We are not aware of any other study showing a similar result. If smoke exposure directly influences aortic root development, we would expect that maternal smoking during pregnancy would also be associated with AOD, with a larger effect size. Therefore, we consider the association of paternal smoking with aortic root diameter as a chance finding.
Not much is known about developmental adaptations affecting cardiovascular markers other than blood pressure. It has been hypothesized that an adverse foetal environment leads to specific arterial stiffness adaptations. 32 Also, cardiac structures may be affected by direct toxic effects of smoking during pregnancy or by changes in foetal blood flow distribution. Both increased arterial stiffness and left ventricular hypertrophy are risk factors for cardiovascular disease in adults. 33 Previous longitudinal studies have shown tracking of left cardiac structures from childhood onwards indicating that early life exposures may have long-term consequences. Therefore, cardiovascular remodelling in early life might be related to cardiovascular structures and function in later life, and may link early exposures and cardiovascular disease in later life. Most importantly, long-term studies are needed to evaluate whether these associations persist in later life.
The biological mechanisms underlying the associations of foetal smoke exposure with childhood cardiovascular outcomes are not known. Various smoking-related substances might be involved. Nicotine is an important teratogen and induces vasoconstriction which leads to reduced placental blood flow and lower oxygen levels in the foetus. 34 Foetal vasoconstriction and impaired blood flow may lead to suboptimal haemodynamic stimulus for placental and foetal vascular development. 35, 36 In time, these changes in development might result in a higher blood pressure and other cardiovascular changes in later life. Other toxins from maternal smoking, such as carbon monoxide and cadmium, might also lead to reduced placental and foetal perfusion and cardiovascular responses. 37, 8 Carbon monoxide is rapidly absorbed in the blood where it binds to haemoglobin and forms carboxyhaemoglobin which results in foetal hypoxia, and animal studies have shown a negative effect on cardiac maturation. 37 Cadmium, known to accumulate in the placenta, is suggested to inhibit the activity of 11-hydroxysteroid dehydrogenase type 2. Reduced activity of this enzyme might lead to foetal growth restriction and vascular adaptations. 38 Further research is needed to assess possible mechanisms underlying the associations between maternal smoking during pregnancy and cardiovascular function in later life.
In conclusion, we found that maternal smoking during pregnancy might increase childhood diastolic blood pressure and fractional shortening. The stronger effect estimates for maternal smoking compared with paternal smoking might suggest that direct intrauterine adaptive responses are involved as underlying mechanisms. This study adds to literature focused on the effects of maternal smoking during pregnancy on offspring cardiovascular health, although the available literature remains inconsistent and possible underlying mechanisms are not well understood. However, the observed effect sizes were small and were borderline significant after correction for multiple testing. Maternal smoking during pregnancy is potentially modifiable and presents a possible opportunity for prevention of cardiovascular disease in later life. Further research is needed to assess the effects of smoking on foetal and postnatal cardiovascular development and to establish whether reduction of maternal smoking during pregnancy also leads to better cardiovascular health in during the life course.
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